Otostegia fruticosa, a plant belonging to the family Lamiaceae, is endemic to Ethiopia. In Ethiopian traditional medicine, O. fruticosa has been used for the treatment of several respiratory-related disorders. The present study was designed to evaluate the bronchodilatory and antimicrobial activities of O. fruticosa leaves crude extract (Of.Cr). Ex-vivo experiments were conducted on guinea-pig trachea provided with physiological oxygenated buffer solution using emkaBath setup. The crude extract was analyzed by gas chromatography-mass spectrometry. Of.Cr, showed the presence of terpenes, fragrance components, saponins, and higher fatty acids. Of.Cr when tested on contracted tracheal chains with carbamylcholine (CCh, 1 mM) and high K + (80 mM) produced relaxation by showing higher potency against CCh with incomplete inhibition of high K + . Dicyclomine, used as a positive control, also showed selectively higher potency to inhibit CCh when compared with its effect against K + . In the anticholinergic curves, Of.Cr at 1 mg/mL deflected CCh-induced concentration-response curves (CRCs) competitively to the right like dicyclomine (0.03 mM) and atropine whereas a higher dose of Of.Cr (3 mg/mL) produced a non-parallel shift in the CCh curves like a higher dose of dicyclomine (0.1 mM). In the calcium channel inhibitory assay, Of.Cr at 3 & 5 mg/mL, deflected CRCs of Ca ++ to the right like verapamil, used as positive control. Of.Cr, at concentrations (1-3 mg/mL) increases cAMP levels in isolated tracheal homogenates, similar to positive control phosphodiesterase inhibitor (papaverine). When tested for antibacterial activity against standard and clinical strains, Of.Cr was found more active (MIC 475 mg/ml) against S. aureus (NCTC 6571), while the maximum inhibition (MIC 625 mg/ml) was observed by the extract when tested against MRSA. These results determine the mechanistic pathways of the observed bronchodilatory effect of Otostegia fruticosa with a combination of anticholinergic and dual inhibition of phosphodiesterase and voltagegated Ca ++ channels. Ó 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Bacteria cause respiratory tract infections such as laryngitis, pharyngitis/tonsillitis, acute rhinosinusitis, acute otitis media, bronchitis, pneumonia, and tracheitis. The infections caused by antibiotic-resistant germs such as methicillin-resistant S. aureus (MRSA) are difficult to treat. It has been reported that medicinal plants exert an antimicrobial effect (Costa et al., 2015) . One of the most promising approaches for combating multidrugresistant bacteria is the combination between antibiotics and natural antimicrobial substances such as plant extracts (Cheesman et al., 2017) .
Otostegia fruticosa (Forssk.) Schweinf. ex Penzig is a shrub widely distributed in West and Eastern Africa, Ethiopia, and Middle Eastern countries including Saudi Arabia. In Northern Ethiopia, it is known as ''sasa" in Tigrigna (Kidane et al., 2013) , ''Tinjut" (D'avigdor et al., 2014) or ''geram tungut" (Getaneh and Girma, 2014) in Amharic, ''Fesi hadima" in Eritrea (Andemariam, 2010) and Sharm in Arabic (Adgaba et al., 2017) . The leaves of Otostegia fruticosa are taken orally for the treatment of asthma, tonsillitis and febrile illness (Enyew et al., 2013; Getaneh and Girma, 2014) . In Fiche, Ethiopia, it is used for unexplained stomach ache (''megagna") by inhaling the smoke of burned leaves, as an insecticide, disinfectant, fumigant, and the branch is used for cleaning teeth (D'avigdor et al., 2014) . In Kolla Temben District, Tigray, Northern Ethiopia the leaf part is claimed for its mosquito repellent activity (Kidane et al., 2013) . In Eretria, the leaf and stem part of this plant is used for arthritis, tonsillitis and gynecological problems (Andemariam, 2010) . In Yemen, it is reported as antiparalytic and for treatment of eye diseases (Mothana et al., 2011) . Furthermore, In Saudi Arabia infusion of the flowering branches of this plant is used as a remedy for sun-stroke (Rahman et al., 2004) .
Al-Musayeib and his coworkers have isolated labdane diterpenes; otostegin A, otostegin B and 15-epi-otostegin B from the aerial parts of Otostegia fruticosa (Al-Musayeib et al., 2000) . The antibacterial activity of Otostegia fruticosa has been pharmacologically documented (Aboutabl et al., 1995) . Although there is an ethnobotanical claim of this plant in asthma and respiratory distress, no scientific evidence can be found on the leaf of the plant concerning bronchodilatory activity. Therefore, the current study was designed to validate the traditional claim and to further explore the possible mechanism(s) of the observed bronchodilatory effect of the leaf extract of Otostegia fruticosa.
Material and methods

Plant material and extraction
The leaves of Otostegia fruticosa were collected in January 2017 from Wukro Kilteawlaelo 42 Km east of Mekelle, Northern Ethiopia. The collected plant specimen was identified and authenticated by Mr. Shamble Alemu and a voucher specimen of the plant (0 0 1) was deposited at the National Herbarium of College of Natural and Computational Science, Addis Ababa University. The leaves were air-dried under the shade and then ground into a coarse powder using mortar and pestle. The powdered plant material (800 g) was soaked with 6.4L (in a ratio of 1:8, wt./vl) of 70% ethanol; mixed and kept on occasional shaking by orbital shaker at 130 rotations per minute (rpm). After 72 h, the extract was filtered by ordinary cloth and Whitman filter paper No 1. The residue was re-macerated twice to exhaustively extract the plant material. The filtrates were combined and the solvent was removed from the hydro-alcoholic extract using drying oven at 40°C. Finally, the dried extract was stored in a closed container at À4°C.
Reagents and laboratory animals
Salts of atropine, carbamylcholine, papaverine, dicyclomine, isoprenaline, and verapamil were procured from Sigma Chemicals Company, St. Louis, MO, USA. Different salts to prepare physiological buffer (Kreb's solution) were: potassium chloride (Sigma Co), calcium chloride, ethylenediamine tetra-acetic acid (EDTA), glucose, magnesium sulfate, potassium dihydrogen phosphate, sodium bicarbonate and sodium chloride (E.Merck, Darmstadt, Germany). cAMP enzyme immunoassay kit (Sigma-Aldrich Co., USA). Guinea-pigs (510-560 g) of both genders were kept at the Animal Care Unit, College of Pharmacy, PSAU, KSA, maintained at 23-25°C. Animals were given tap water ad libitum commercial standard pellet diet. Experiments were performed in compliance with the rulings of the Institute of Laboratory Animal Resources, Commission on Life Sciences, National Research Council (NRC, 1996) .
GC-MS analysis
The hydro-alcoholic extract of O. fruticosa was analyzed by a single quadrupole mass detector attached with gas chromatograph (Clarus 600). The sample injection volume was 1 mL and the capillary column used was Elite 5-MS (30 m Â 250 mm I.D, 0.25 mm film thickness) in the splitless mode of 1:20. The starting temperature of the column oven was 40°C stable at 2 min and the increase in temperature to 150°C at the rate of 10°C per min and then again stabilize for 2 min and in another ramp the temperature increases to 300°C and hold for 2 min and the total run time completed was 32 min. The injector temperature was at 280°C and inlet line temperature at 220°C and the source temperature was 220°C. Helium was used as a carrier gas at a flow rate of 1.0 ml per min. The electron ionizing mode was used at 70 eV at a multiplier voltage of 380 and the range was from 40 to 600 m/z.
The phytoconstituents were identified based on their retention time and their masses were confirmed by matching with a mass spectral library of NIST (National Institute of Standards and Technology) library and Wiley library. As a result, a total of 20 compounds were identified.
Guinea-pig tracheal tissues
Guinea-pig was procured and sacrificed following neck dislocation. Their rib cage was opened and tracheal tube excised and immediately stored in Kreb's solution bubbled with carbogen (pH 7.4). The final concentration (mM) of the Kreb's solution was: NaCl 118.2, NaHCO 3 25.0, CaCl 2 2.5, KCl 4.7, KH 2 PO 4 1.3, MgSO 4 1.2 and glucose 11.7. After cleaning from additional tissues, the tracheal was cut in a way that its cartilage is opened opposite to smooth muscle in 2-3 mm length. The cartilage was tied from both the cartilaginous sides with a cotton thread to mount it in the hook of an isolated organ bath. A forced tension equal to 1 g was applied to the mounted tracheal tissue and maintained constant throughout the assay. The mounted tissues were stabilized for approximately 1 h with changing the Kreb's solution after every 15 min. After 1 h incubation, the tissues were exposed repeatedly to 1 mM CCh and 80 mM of K + final bath concentration till the same level of contractions were achieved. The Of.Cr from low to high final bath concentrations was tested for possible tracheal relaxation against the spasmogens such as CCh and K + .
Anticholinergic activity
To study the possible interaction of Of.Cr with the muscarinic type of cholinergic receptors, cumulative concentration-response curves (CRCs) of CCh were induced in the absence and presence of the pre-incubated (1 h) tracheal tissues with increasing bolus doses of Of.Cr (Shah and Gilani, 2010) .
Voltage-dependent Ca ++ ion inhibitory assay
After the pilot CCB assay results obtained from the inhibitory effects of Of.Cr high K + -mediated contractions, further conformational detailed experiments were conducted on the tracheal tissues with the replacement of the normal Kreb's with Ca ++ -free Kreb's solution with added EDTA (0.1 mM) for the chelation of Ca ++ from the tissues for half-hour. Afterward, K + -rich without Ca ++ Kreb's solution filled in the organ bath to further release and then chelate the endoplasmic reticulum stored Ca ++ . The concentration of K +rich and Ca ++ free Kreb's solution (mM) was: KCl 50, NaCl 50.58, MgSO 4 3.10 . , NaHCO 3 23.8, KH 2 PO 4 1.26, glucose 11.1 and EDTA 0.1. After an hour of incubation in the K + -rich and Ca ++ free Kreb's solution (containing EDTA) where tracheal tissues were assumed completely Ca ++ free, the solution was replaced by K + -rich and Ca ++ free Kreb's without EDTA and the CRCs of Ca ++ were induced by cumulative addition of exogenous Ca ++ into organ bath in the absence and presence of pre-incubation (1 h) of the increasing doses of Of.Cr.
cAMP estimation
Freshly isolated trachea from guinea-pig was snap-frozen in liquid nitrogen and ground to fine powder followed by homogenization in 10 volumes of 0.1 M HCl under liquid nitrogen. The homogenate was centrifuged at 600g for 10 min at room temperature. The sample was further diluted with 0.1 M HCl and stored at À 80°C until the time of assay. The influence of Of.Cr on cAMP content in the guinea-pig trachea was measured by direct cAMP enzyme immunoassay kit as per manufacturer instruction (Sigma-Aldrich, Saint Lewis, USA). The cAMP content was expressed as picomole per mL. MIC was determined by the broth dilution method described by Clinical and Laboratory Standards Institute guidelines (Patel et al., 2015) . Eight dilutions were made ranging from 400 to 750 mg/mL and a volume (10 mL) of target bacteria was inoculated to each concentration. Mueller-Hinton broth (MHB, Scharlau) alone was tested as sterility control, and untreated bacteria inoculated on MHB alone and with 1% DMSO were labeled as growth control. Minimal Bacterial Concentration (MBC) was determined by sub culturing 10 mL from the broth dilution in Mueller-Hinton agar (MHA, Scharlau) that kills 100% of microbes after 24 h incubation. All assays were carried out in duplicate to confirm the results.
Statistical analysis
Data expressed are mean ± standard error of the mean (SEM, n = number of the experiment) and the median effective concentrations (EC 50 ) with 95% confidence intervals (CI). Student's t-test was applied to compare the curves and results with p < 0.05 were considered statistically significant. CRCs were analyzed by non-linear regression using the Graph Pad program (Graph Pad, San Diego, CA, USA).
Results
Hydro-alcoholic extract yield (%)
The leaves of O. fruticosa (Fig. 1 ) yielded 17.5% (v/w) of crude extract (Of.Cr).
GC-MS analysis
Of.Cr was found to contain terpenes, terpene alcohols, aliphatic hydrocarbons, higher fatty acids, and sterols. Santalene is a sesquiterpene and dimethyl bornane is a derivative of camphor moiety. Salvialene is an octa-hydro azulene derivative having potent biological activity. Lavandulyl acetate is a terpene present in 52% of the extract and having potent skin applications. Solanesol is a derivative of non-cyclic terpene alcohol having isoprene units. (Table 1 and Fig. 2) .
Effect of Of.Cr on different spasmogen-mediated contractions
The inhibitory CRCs of the crude extract (Of.Cr) against CCh was obtained at lower concentration with a resultant EC 50 value of 4.32 mg/mL (3.98-5.14, 95% CI, n = 4), compared to its effect against K + (80 mM) with EC 50 value of 8.44 mg/mL (7.44-8.92, n = 5). The relaxation against high K + was incomplete with maximum efficacy of 70%, as shown in Fig. 3A . Dicyclomine, similar to Of.Cr, showed inhibitory effect against CCh and high K + with EC 50 values of 0.46 mM (0.33-0.69, n = 4) and 6.11 mM (5.22-7.86, n = 6), respectively (Fig. 3B) whereas the relaxant effects observed with verapamil was more potent against K + with EC 50 value of 0.44 mM (0.38-0.49, n = 5) compared to its inhibitory effects against CCh [5.22 mM (4.22-6.92, n = 5)] as shown in Fig. 3C . Atropine only relaxed the CCh (1 mM)-induced contraction, with EC 50 value of 0.08 mM (0.07-0.09, n = 6), without any effect on K + (80 mM)-induced contractions (Fig. 3D ), as expected.
Anticholinergic effect of Of.Cr
Of.Cr at 1.0 mg/mL, deflected CCh-mediated CRCs towards the right side in a parallel way without depressing the maximum peak while the next higher dose of 3.0 mg/mL (Of.Cr) showed suppression and maximum efficacy was decreased (Fig. 4A) . In similar experiments conducted, dicyclomine shifted to the right CChinduced CRCs without suppressing the maximum response at lower doses of 0.03 mM while its higher dose of 0.1 mM affected the maximum efficacy of CCh (Fig. 4B ). Verapamil at both tested concentrations (0.1-0.3 mM) produced a non-parallel rightward shift with dose-dependent suppression of the maximum of contractions of CCh-induced CRCs (Fig. 4C) . Atropine, dosedependently (0.03-0.1 mM) deflected the CCh curves to the right in a parallel way without effect on maximum efficacy (Fig. 4D) .
Effect on Ca ++ -curves
When tested for the possible interaction with Ca ++ channels, Of. Cr (3 & 5 mg/mL) produced a rightward shift in the Ca ++ curves (Fig. 5A ), similar to that caused by verapamil ( Fig. 5B) .
Effect on cAMP levels
The cAMP levels were estimated in the control CCh treated tissues and compared with Of.Cr and papaverine pre-treated tracheal tissues. Untreated tissues measured 87.87 ± 2.134 pmol of cAMP/ mL of tissue homogenate. Compared to this, tissues after treatment with 0.3 and 1 mg/mL of Of.Cr against CCh-induced contraction measured the cAMP levels up to 96.58 ± 1.744 (p = <0.05) and 103.01 ± 1.969 (p < 0.01) pmol/mL respectively as can evident in Fig. 6A . The papaverine control showed the similar pattern of rise in the cAMP levels with control CCh treated tissues showing cAMP levels of 85.98 ± 2.680 pmol/mL whereas treatment with 1 mM and 3 mM of papaverine in CCh-contracted tissues, the cAMP levels increased to 96.93 ± 1.892 pmol/mL (p < 0.05) and 104.43 ± 2.07 8 (p < 0.01) pmol/mL respectively, as evident in Fig. 6B .
Antibiotic susceptibility pattern of clinical pathogens
In the present investigation, clinical isolates (K. pneumoniae and MRSA) were used. Antibiotic Susceptibility test was done in Microbiology lab/ King Khalid hospital which uses Phoenix 100/BD company machine. The results were interpreted according to Clinical and laboratory standard institute (CLSI) guidelines. Table 2 shows the antibiotic susceptibility pattern for both bacteria. K. pneumoniae was resistant to Ampicillin, Amoxicillin/clavulanate only. While, MRSA was found to be resistant against Imipenem, Cefoxitin, Cefotaxime, Ampicillin, PencillinG, Oxacillin, and Amoxicillin/clavulanate. Table 3 illustrates the MIC and MBC of Of.Cr against the tested bacterial strains. The Of.Cr (MIC 475 mg/mL) observed highly active against S. aureus (NCTC 6571) compared to other tested bacteria. On another hand, Of.Cr was less active (MIC 625 mg/mL) when tested with MRSA which is multi-resistant bacteria. It was also noted that there was no difference in efficacy of Of.Cr (MIC 550 mg/mL) against both strains of tested standard and clinical K. pneumoniae.
MIC and MBC determination
Regarding gram-negative bacteria, P. aeruginosa appeared more sensitive to Of.Cr (MIC 525 mg/mL) among other types in the same group.
Discussion
The traditional importance of the use of Otostegia fruticosa in respiratory diseases has been documented by multiple sources (Enyew et al., 2013; Getaneh and Girma, 2014) , but no scientific study has been conducted to rationalize its use in such disorders. This study was therefore conducted to analyze the chemical composition of the hydro-alcoholic extract of this plant (Of.Cr) by GC-MS while ex-vivo studies were conducted on guinea-pig trachea to evaluate the possible bronchodilatory effect. Contractions were produced in isolated tracheal tissues with muscarinic agonist (CCh) and high concentration of K + (80 mM) and then Of.Cr were added on the sustained contractions in a cumulative way. Interestingly, Of.Cr completely reversed CCh-mediated contractions at lower concentrations while the incomplete inhibitory effect was observed against high K + at the maximum tested concentration of 10 mg/mL. Similar to Of.Cr, a positive control drug; dicyclomine, also showed more potency against CCh as compared to high K + . Dicyclomine a dual blocker of the cholinergic receptor of muscarinic types and Ca ++ channels inhibitor (Downie et al., 1977) . Hence hypothesis was developed from these preliminary experiments that the bronchodilatory effect of Of.Cr possesses dual inhibitory mechanisms; inhibition of muscarinic receptors and Ca ++ channels. Carbachol, a muscarinic receptors agonist (Jude et al., 2019) , produces sustained contractions in isolated trachea by receptor-operated Ca ++ entry, hence well documented for the eval-uation of antimuscarinic activity of any test material (Arunlakhshana and Schild, 1959) whereas a substance that inhibits high K + -mediated contractions is considered indirectly as calcium channel blocker as K + (>30 mM) specifically opens voltagegated L-type Ca ++ channels that results sustained contractions of smooth muscles (Godfraind et al., 1986; Hussain et al., 2008) . To further strengthen the antimuscarinic effect of Of.Cr, CChmediated cumulative CRCs were made in the absence and presence of the preincubated tracheal tissues with a low and high dose of Of. Cr. The plant extract at a lower dose displaced CCh curves to the right toward higher concentrations without effecting the maximum response in a competitive manner (Arunlakhshana and Schild, 1959) , similar to atropine, a known anticholinergic drug (Delmendo et al., 1989) . Whereas, the higher dose of plant extract caused further rightward shift but suppressed the maximum response of CCh, a typical characteristic of the non-specific type of antagonists (Gilani and Khan, 2008) . Similar nonspecific inhibition of CCh curves was found with a high dose of dicyclomine and verapamil, a known Ca ++ inhibitor (Fleckenstein, 1977) . As our plant extract inhibited high K + with 70% efficacy and also a non- specific shift in CCh CRCs was observed, hence we further expanded our experiments to confirm the Of.Cr effect on voltagegated Ca ++ channels. For this purpose, tracheal tissues were first made Ca ++ free by replacing normal Krebs solution with that of potassium normal and Ca ++ free Krebs solution with EDTA to chelate the intracellular Ca ++ . Cumulative CRCs of Ca ++ was constructed by exogenous calcium chloride addition in the absence and presence of Of.Cr extract. Parallel experiments were run by using verapamil at different concentrations to compare our results. Of.Cr shifted Ca ++ CRCs to right similar to verapamil, a known voltage-gated L-type calcium inhibitor (Fleckenstein, 1977) .
Based on our previously documented studies that herbal extracts having traditional famous to treat airways related disorders often contain enzyme inhibitory potential, specifically phosphodiesterase enzyme (PDE), thus causing bronchodilation by increasing tissue cAMP levels (Barnes, 2006; Gilani et al., 2005 Gilani et al., , 2009 Khan et al., 2012) . Of.Cr was therefore incubated in tracheal tissues at increasing concentrations and their homogenates were further analyzed for an increase in the cAMP levels by enzyme immunoassay kit with parallel experiments conducted with papaverine, a standard PDE-inhibitor (Choo & Mitchelson, 1978; Sato et al., 2006) . Interestingly, Of.Cr produced an elevation in the levels of cAMP in CCh pre-contracted tissues compared to control tissues, similar to papaverine. The cAMP is synthesized from ATP by the action of adenylate cyclase, which stimulates cAMPdependent protein kinase A (PKA) (Brown and Lee, 2012) . Since cAMP levels are increased when PDE enzyme is inhibited in the tissues (Harris and Connell, 1989) , therefore, we conclude that PDEinhibitory-like components co-exist in the bronchodilatory effect of Of.Cr in combination with anticholinergic and CCB.
The significance of muscarinic receptor antagonists and PDE inhibitors are well-established facts in asthma (Barnes, 2006) , despite their major limitation as that both produce cardiac stimulation (Nawarth, 1981; Nicholas, 2006) . Interestingly, studies show the possible potential clinical implications of CCBs in bronchoconstriction (Twiss et al., 2002) parallel to its cardiac-inhibitory actions (Billman, 1992) . The co-existence of voltage-gated CCBconstituent(s) with antimuscarinic and PDE inhibitors in Of.Cr perhaps meant by nature to oppose the cardiac stimulant effect seen with anticholinergics or PDE inhibitors if administered alone. The current observation with Of.Cr further supports the philosophical approach of an herbalist that natural products express synergism and side-effect neutralizing capabilities (Ernst, 2005) . The antibacterial effectiveness of any plant depends on its chemical constituents as well as the type of target bacteria and their structure (Gram-positive and Gram-negative bacteria). The results obtained in our study are in accordance with that of previous studies in that Gram-negative bacteria are more resistant to growth inhibition than Gram-positive bacteria (El abed et al., 2014; Guesmi et al., 2017) . Scientists attribute these differences in part to the complexity of the cell envelope in Gram-negative bacteria (double-membrane) compared to the single membrane structure of the Gram-positive (El abed et al., 2014) . On the other hand, these differences could be due to the presence of the outer membrane which is composed of lipopolysaccharides in the Gram-negative bacteria, which provides a hydrophilic surface which prevents permeability of any plant extracts, antibiotics, detergents, and lipophilic compounds (Burt, 2004; El abed et al., 2014) .
The observed biological activities may be due to the presence of terpenes lavandulyl acetate, santalene and solanesol. The lavandulyl acetate is present as a major portion in the extract and might be responsible for bronchodilatory effects and though the contribution of additional constituents cannot be ruled out.
Conclusions
In conclusion, these results show that the hydro-alcoholic extract of Otostegia fruticosa possesses bronchodilatory potential mediated by multiple mechanisms i.e. receptor-operated (antimuscarinic), voltage-gated Ca ++ channels blockade in addition to cAMP elevations, hence provide a sound rationale to the traditional utilization of this plant in airways disorders. Table 2 Antibiotic susceptibility pattern of clinical pathogens. GN  IMI  FOX  CTX  AMP  PG  OX  AUG  TS  VAN  NI  CIP  CXM  CAZ  CPM  ATM   MRSA  S  R  R  R  R  R  R  R  S  S  S  S  ----K. pneumoniae  S  S  S  S  R  --R  --S  S  S  S 
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